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Description

BACKGROUND

Technical Field

[0001] The present invention relates to a vessel as-
sembly configured to discharge a high pressure mixture
of water and abrasives for a mixture with a flow of high
pressure water for generating an abrasive slurry. In ad-
dition, the present invention relates to an abrasive slurry
jet cutting system comprising the inventive vessel as-
sembly and a cutting head. A generic vessel assembly
according to the preamble of claim 1 is for instance known
from US 5,643,058 A.

Description of the Related Art

[0002] Waterjet and abrasive waterjet cutting systems
are used for cutting or processing a wide variety of ma-
terials, including stone, glass, ceramics and metals. In a
typical waterjet cutting system, high-pressure water flows
through a cutting head having a cutting nozzle that directs
a cutting jet onto a workpiece. The system may draw or
feed abrasive particles into the high-pressure waterjet to
form an abrasive waterjet. More particularly, as is typical
of conventional waterjet cutting systems, the cutting noz-
zle may include an orifice, such as a jewel orifice, through
which water passes during operation to generate a high
pressure waterjet. Abrasives may be introduced into a
mixing chamber downstream of the orifice to entrain
abrasives in the waterjet to form an abrasive waterjet.
The cutting nozzle may then be controllably moved
across the workpiece to cut the workpiece as desired.
Systems for generating high-pressure waterjets and
abrasive waterjets are currently available, such as, for
example, the Mach 4™ five-axis waterjet system manu-
factured by Flow International Corporation, the assignee
of the present application. Other examples of waterjet
cutting systems are shown and described in Flow’s U.S.
Patent No. 5,643,058.
[0003] In contrast to the waterjet systems described
above, other jet cutting systems are known which supply
a concentrated mixture of abrasives and water, referred
to herein as a "slurry," directly to the nozzle of a cutting
head prior to formation of a high velocity jet for cutting or
processing workpieces. As used herein, the term "abra-
sive slurry jet" and "abrasive slurry delivery system" are
used in relation to systems and methods wherein an abra-
sive slurry is supplied to a nozzle of a cutting head to
form a high velocity jet in contrast to many conventional
abrasive waterjet systems wherein abrasives are en-
trained in a mixing chamber downstream of the formation
a high velocity jet.
[0004] Some advantages of abrasive slurry jet cutting
systems and methods include the ability to generate a
relatively more slender abrasive jet to cut thinner kerfs
or drill smaller holes as compared to abrasive waterjet

systems. In addition, abrasive slurry jet cutting systems
and methods are generally more efficient than abrasive
waterjet counterparts due to the occurrence of mixing
abrasives upstream of a jet generating orifice. Still fur-
ther, the abrasive slurry jet cutting systems and methods
can generally cut at higher speeds compared to abrasive
waterjet counterparts due to a greater power density of
the discharged abrasive slurry jet.
[0005] Although abrasive slurry jet cutting systems and
methods are known, many conventional systems suffer
from a variety of drawbacks. For example, some abrasive
slurry jet systems utilize a fluidized bed approach for de-
livering abrasives wherein abrasives are fluidized in a
pressure vessel using a rising column of high pressure
water. These systems are typically quite bulky, requiring
a relatively large pressure vessel. In addition, the pres-
sure vessel must be opened periodically to refill the pres-
sure vessel with abrasives and is unable to supply abra-
sive slurry during such periods, thereby leading to pro-
ductivity losses.
[0006] An abrasive jet cutting system comprising a cut-
ting head and a vessel assembly with a storage chamber
which is connected to a discharge chamber is for instance
described in US 5,643,58 A and in US 2009/3108064 A1.

BRIEF SUMMARY

[0007] To solve the aforementioned problem, the
present invention provides a vessel assembly having the
features as defined in claim 1. An abrasive slurry jet cut-
ting system comprising the inventive vessel assembly is
also provided. The abrasive slurry jet cutting system has
the features defined in claim 2.
[0008] Further preferred embodiments of said abrasive
slurry jet cutting system are defined in claims 3 to 13. A
method for forming an abrasive slurry is provided in claim
14. Further preferred embodiments of this method are
defined in claims 15 to 18.
[0009] Embodiments described herein provide abra-
sive slurry delivery systems and abrasive slurry jet cutting
systems and related methods which are particularly well
adapted to supply abrasive slurry for cutting operations
in an efficient, compact and convenient form factor. Em-
bodiments include abrasive slurry delivery systems
adapted to discharge a high pressure mixture of water
and abrasives for further admixture with a flow of high
pressure water (e.g., 275.8 MPa (40,000 psi) or higher)
to generate an abrasive slurry and ultimately an abrasive
slurry jet. The delivery systems include a storage cham-
ber, a discharge chamber and a shuttle chamber posi-
tioned therebetween, the shuttle chamber being config-
ured to intermittently receive abrasives from the storage
chamber and intermittently supply the abrasives mixed
with high pressure water to the discharge chamber in a
sequential dosing manner.
[0010] According to some embodiments, an abrasive
slurry jet cutting system may be summarized as including
a cutting head having a nozzle configured to receive a
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flow of abrasive slurry and to generate an abrasive slurry
jet during a processing operation; and a vessel assembly
configured to discharge a high pressure mixture of water
and abrasives for further admixture with a flow of high
pressure water to form the flow of abrasive slurry. The
vessel assembly may include a storage chamber to
house abrasives, a discharge chamber having an outlet
to selectively discharge the high pressure mixture of wa-
ter and abrasives into the flow of high pressure water and
toward the nozzle of the cutting head during the process-
ing operation, and a shuttle chamber positioned there-
between. More particularly, the shuttle chamber may be
positioned downstream of the storage chamber and up-
stream of the discharge chamber to intermittently receive
the abrasives from the storage chamber and to intermit-
tently supply the abrasives to the discharge chamber.
The shuttle chamber may be coupled to a source of high
pressure water to intermittently supply high pressure wa-
ter to the shuttle chamber to intermittently pressurize the
shuttle chamber to create the high pressure mixture of
water and abrasives to be transferred to the discharge
chamber.
[0011] The storage chamber, the shuttle chamber and
the discharge chamber of the vessel assembly may be
fixedly coupled together to form a multi-stage vessel. The
multi-stage vessel may be an elongated, generally cylin-
drical vessel having three distinct stages arranged in a
generally collinear manner. In some instances, a plurality
of tie rods or other biasing devices may be arranged to
compressively sandwich the shuttle chamber between
the storage chamber and the discharge chamber. Each
of the storage chamber, the shuttle chamber and the dis-
charge chamber may include a tapered surface at a re-
spective lower end thereof to funnel the abrasives or the
high pressure mixture of water and abrasives down-
stream.
[0012] The abrasive slurry jet cutting system may fur-
ther include a positioning system coupled to the cutting
head to manipulate the cutting head in space and the
multi-stage vessel may be attached to the positioning
system. The multi-stage vessel may be attached to the
positioning system such that the multi-stage vessel
moves in unison with the cutting head with respect to at
least one rotational or translational axis of the positioning
system. The positioning system may include a robotic
arm and the multi-stage vessel may be attached to the
robotic arm. In other instances, the positioning system
may include a carriage movably coupled to a bridge and
the cutting head and the multi-stage vessel may be cou-
pled to the carriage to move therewith.
[0013] The vessel assembly may further include a first
valve between the storage chamber and the shuttle
chamber and a second valve between the shuttle cham-
ber and the discharge chamber to selectively isolate or
close-off each chamber from an adjacent chamber. The
abrasive slurry jet system may further include a control
system that is communicatively coupled to each of the
first valve and the second valve to sequentially open and

close the first valve and the second valve to dose abra-
sives from the storage chamber to the discharge cham-
ber via the shuttle chamber.
[0014] The shuttle chamber of the vessel assembly
may include an outlet port coupled to a pressure relief or
dump valve and the control system may be communica-
tively coupled to the pressure relief or dump valve to con-
trol the pressure relief or dump valve to selectively re-
lease pressure from the shuttle chamber to prepare the
shuttle chamber to receive the abrasives from the storage
chamber. The shuttle chamber of the vessel assembly
may also include an inlet port coupled to a pressure sup-
ply valve and the control system may be communicatively
coupled to the pressure supply valve to control the pres-
sure supply valve to intermittently supply high pressure
water to the shuttle chamber to intermittently pressurize
the shuttle chamber to create the high pressure mixture
of water and abrasives to be transferred to the discharge
chamber. The discharge chamber of the vessel assembly
may be coupled to a metering device and the control
system may be communicatively coupled to the metering
device to control the metering device to selectively dis-
charge the high pressure mixture of water and abrasives
into the flow of high pressure water to form an abrasive
slurry.
[0015] According to some embodiments, a method of
forming an abrasive slurry to be passed through a nozzle
to generate an abrasive slurry jet may be summarized
as including introducing abrasives into a storage cham-
ber; depressurizing a shuttle chamber downstream of the
storage chamber to prepare the shuttle chamber to re-
ceive the abrasives from the storage chamber; transfer-
ring the abrasives from the storage chamber to the shuttle
chamber; isolating the shuttle chamber from the storage
chamber; introducing high pressure water into the shuttle
chamber to pressurize the shuttle chamber while isolated
from the storage chamber to create a high pressure mix-
ture of water and abrasives; transferring the high pres-
sure mixture of water and abrasives from the shuttle
chamber to a discharge chamber downstream of the
shuttle chamber; and discharging the high pressure mix-
ture of water and abrasives from the discharge chamber
into a flow of high pressure water to mix therewith and
form the abrasive slurry. Transferring the abrasives from
the storage chamber to the shuttle chamber and trans-
ferring the high pressure mixture of water and abrasives
from the shuttle chamber to the discharge chamber may
include dosing abrasives in a sequential manner from
the storage chamber to the discharge chamber via the
shuttle chamber. Transferring the abrasives from the
storage chamber to the shuttle chamber may occur with
substantially no differential pressure between the stor-
age chamber and the shuttle chamber and transferring
the high pressure mixture of water and abrasives from
the shuttle chamber to the discharge chamber may occur
with substantially no differential pressure between the
shuttle chamber and the discharge chamber. The method
may further include maintaining the storage chamber at
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atmospheric pressure during operation and maintaining
the discharge chamber at high pressure during operation.
[0016] According to some embodiments, a method of
processing a workpiece using a high pressure abrasive
slurry jet may be summarized as including dosing abra-
sives through a vessel assembly having a shuttle cham-
ber provided between a storage chamber and a dis-
charge chamber, the shuttle chamber coupled to a
source of high pressure water to enable intermittent pres-
surization of the shuttle chamber to create a high pres-
sure mixture of water and abrasives while dosing the
abrasives; mixing the high pressure mixture of water and
abrasives from the vessel assembly into a flow of high
pressure water to form an abrasive slurry; passing the
abrasive slurry through a nozzle to generate a high pres-
sure abrasive slurry jet; and impinging the workpiece with
the high pressure abrasive slurry jet.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWINGS

[0017]

Figure 1 is an isometric view of an abrasive slurry
jet cutting system having a abrasive slurry delivery
system, according to one embodiment.
Figures 2A-2C are schematic diagrams of an abra-
sive slurry delivery system, according to one embod-
iment, shown in different operational configurations.
Figure 3 is an isometric view of the abrasive slurry
delivery system of the abrasive slurry jet cutting sys-
tem of Figure 1.
Figure 4 is a top plan view of the abrasive slurry
delivery system of Figure 3.
Figure 5 is a cross-sectional view of the abrasive
slurry delivery system of Figure 3 taken along line
5-5 of Figure 4.
Figure 6 is a partial cross-sectional view of the abra-
sive slurry delivery system of Figure 3 taken along
line 6-6 of Figure 4.
Figure 7 is a partial cross-sectional view of the abra-
sive slurry delivery system of Figure 3 taken along
line 7-7 of Figure 4.

DETAILED DESCRIPTION

[0018] In the following description, certain specific de-
tails are set forth in order to provide a thorough under-
standing of various disclosed embodiments. However,
one of ordinary skill in the relevant art will recognize that
embodiments may be practiced without one or more of
these specific details. In other instances, well-known
structures associated with abrasive waterjet and abra-
sive slurry jet cutting systems and methods of operating
the same may not be shown or described in detail to
avoid unnecessarily obscuring descriptions of the em-
bodiments. For instance, well know control systems and
drive components may be provided or integrated into the

abrasive slurry jet cutting systems to facilitate movement
of a cutting head thereof relative to the workpiece to be
processed. These systems may include drive compo-
nents to manipulate the cutting head about multiple ro-
tational and translational axes, as is common, for exam-
ple, in five-axis abrasive waterjet or abrasive slurry jet
cutting systems. Example abrasive slurry jet systems
may include cutting heads coupled to a gantry-type mo-
tion or positioning system or a robotic arm motion or po-
sitioning system.
[0019] Unless the context requires otherwise, through-
out the specification and claims which follow, the word
"comprise" and variations thereof, such as, "comprises"
and "comprising" are to be construed in an open, inclu-
sive sense, that is as "including, but not limited to."
[0020] Reference throughout this specification to "one
embodiment" or "an embodiment" means that a particular
feature, structure or characteristic described in connec-
tion with the embodiment is included in at least one em-
bodiment. Thus, the appearances of the phrases "in one
embodiment" or "in an embodiment" in various places
throughout this specification are not necessarily all refer-
ring to the same embodiment. Furthermore, the particular
features, structures, or characteristics may be combined
in any suitable manner in one or more embodiments.
[0021] As used in this specification and the appended
claims, the singular forms "a," "an," and "the" include plu-
ral referents unless the content clearly dictates other-
wise. It should also be noted that the term "or" is generally
employed in its sense including "and/or" unless the con-
tent clearly dictates otherwise.
[0022] Embodiments described herein provide abra-
sive slurry delivery systems and abrasive slurry jet cutting
systems and related methods which are particularly well
adapted to supply abrasive slurry for cutting operations
in an efficient, compact and convenient form factor. Em-
bodiments include abrasive slurry delivery systems
adapted to discharge a high pressure mixture of water
and abrasives for further admixture with a flow of high
pressure water to generate an abrasive slurry and ulti-
mately an abrasive slurry jet. The delivery systems in-
clude a storage chamber, a discharge chamber and a
shuttle chamber positioned therebetween which is con-
figured to intermittently receive abrasives from the stor-
age chamber and intermittently supply the abrasives
mixed with high pressure water to the discharge chamber
in a sequential dosing manner.
[0023] As described herein, the term cutting head may
refer generally to an assembly of components at a work-
ing end of the abrasive slurry jet cutting machine or sys-
tem, and may include, for example, a nozzle of the abra-
sive slurry jet cutting system and surrounding structures
and devices coupled directly or indirectly thereto to move
in unison therewith. The cutting head may also be re-
ferred to as an end effector.
[0024] Figure 1 shows an example embodiment of an
abrasive slurry jet cutting system 10 with an abrasive
slurry delivery system 50 coupled thereto. The abrasive
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slurry jet cutting system 10 may operate in the vicinity of
a support structure 12 which is configured to support a
workpiece 14 to be cut or otherwise processed by the
system 10. The support structure 12 may be a rigid struc-
ture or a reconfigurable structure suitable for supporting
one or more workpieces 14 (e.g., metal sheets or plates,
composite aircraft parts, etc.) in a position to be cut,
trimmed or otherwise processed. Examples of suitable
workpiece support structures 12 include those shown
and described in Flow’s U.S. Application Serial No.
12/324,719, filed November 26, 2008, and published as
US 2009/0140482. In addition, the support structure 12
may be provided in the form of a catcher tank having a
relatively large volume of water to dissipate the energy
of the abrasive slurry jet after it passes through the work-
piece 14 during processing. Examples of catcher tank
systems for supporting workpieces 14 and dissipating
the energy of a discharged jet are shown and described
in Flow’s U.S. Patent Application No. 13/193,435, filed
July 28, 2011. The abrasive slurry jet cutting system 10
further includes a bridge assembly 18 which is movable
along a pair of base rails 20. In operation, the bridge
assembly 18 moves back and forth along the base rails
20 with respect to a translational axis X to position a cut-
ting head 22 of the system 10 for processing the work-
piece 14. A tool carriage 24 is movably coupled to the
bridge assembly 18 to translate back and forth along an-
other translational axis Y, which is aligned perpendicu-
larly to the translational axis X. The tool carriage 24 is
further configured to raise and lower the cutting head 22
along yet another translational axis Z to move the cutting
head 22 toward and away from the workpiece 14. One
or more manipulable links or members may also be pro-
vided intermediate the cutting head 22 and the tool car-
riage 24 to provide additional functionality.
[0025] For example, the system 10 may include a fore-
arm 26 rotatably coupled to the tool carriage 24 for ro-
tating the cutting head 22 about a first axis of rotation
and a wrist 27 rotatably coupled to the forearm 26 to
rotate the cutting head 22 about another axis of rotation
that is non-parallel to the aforementioned rotational axis.
In combination, the rotational axes of the forearm 26 and
the wrist 27 can enable the cutting head 22 to be manip-
ulated in a wide range of orientations relative to the work-
piece 14 to facilitate, for example, cutting of complex pro-
files. The rotational axes may converge at a focal point
which, in some embodiments, may be offset from the end
or tip of a nozzle 23 of the cutting head 22. The end or
tip of the nozzle 23 of the cutting head 22 is preferably
positioned at a desired standoff distance from the work-
piece 14 to be processed. The standoff distance may be
selected or maintained at a desired distance to optimize
the cutting performance of the abrasive slurry jet.
[0026] During operation, movement of the cutting head
22 with respect to each of the translational axes X, Y, Z
and one or more rotational axes may be accomplished
by various conventional drive components and an appro-
priate control system 28. The control system 28 may gen-

erally include, without limitation, one or more computing
devices, such as processors, microprocessors, digital
signal processors (DSP), application-specific integrated
circuits (ASIC), and the like. To store information, the
control system 28 may also include one or more storage
devices, such as volatile memory, non-volatile memory,
read-only memory (ROM), random access memory
(RAM), and the like. The storage devices can be coupled
to the computing devices by one or more buses. The
control system 28 may further include one or more input
devices (e.g., displays, keyboards, touchpads, controller
modules, or any other peripheral devices for user input)
and output devices (e.g., displays screens, light indica-
tors, and the like). The control system 28 can store one
or more programs for processing any number of different
workpieces according to various cutting head movement
instructions. The control system 28 may also control op-
eration of other components, such as, for example,
valves of the abrasive slurry delivery systems 50, 52 de-
scribed herein. The control system 28, according to one
embodiment, may be provided in the form of a general
purpose computer system. The computer system may
include components such as a CPU, various I/O compo-
nents, storage, and memory. The I/O components may
include a display, a network connection, a computer-
readable media drive, and other I/O devices (a keyboard,
a mouse, speakers, etc.). A control system manager pro-
gram may be executing in memory, such as under control
of the CPU, and may include functionality related to dos-
ing abrasives through the abrasive slurry delivery sys-
tems 50, 52 as described in more detail elsewhere.
[0027] Further example control methods and systems
for abrasive waterjet cutting machines, which include, for
example, CNC functionality, and which are applicable to
the abrasive slurry jet cutting systems described herein,
are described in Flow’s U.S. Patent No. 6,766,216. In
general, computer-aided manufacturing (CAM) process-
es may be used to efficiently drive or control a cutting
head 22 along a designated path, such as by enabling
two-dimensional or three-dimensional models of work-
pieces generated using computer-aided design (i.e.,
CAD models) to be used to generate code to drive the
machines. For example, in some instances, a CAD model
may be used to generate instructions to drive the appro-
priate controls and motors of a cutting system 10 to ma-
nipulate the cutting head 22 about various translational
and/or rotary axes to cut or process a workpiece 14 as
reflected in the CAD model. Details of the control system
28, conventional drive components and other well known
systems associated with abrasive waterjet and slurry jet
cutting systems, however, are not shown or described in
detail to avoid unnecessarily obscuring descriptions of
the embodiments.
[0028] Although the example abrasive slurry jet cutting
system 10 of Figure 1 is shown as including a bridge
assembly 18 or gantry-type motion or positioning system,
it will be appreciated that embodiments of the abrasive
slurry delivery systems 50 and cutting systems 10 de-
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scribed herein may be used in connection with many dif-
ferent known motion or positioning systems, including,
for example, robotic arms which may be manipulated
about numerous rotational and/or translational axes to
position a cutting head 22 in a wide range of positions
and orientations. Still further, in some instances, the
abrasive slurry jet cutting systems 10 may feature a sta-
tionary cutting head 22 wherein a workpiece 14 is ma-
nipulated beneath a nozzle 23 thereof.
[0029] As can be appreciated from Figure 1, the abra-
sive slurry delivery system 50 may be coupled directly to
manipulable structures of the motion or positioning sys-
tem of the abrasive slurry jet cutting system 10 to move
in unison with the cutting head 22 with respect to at least
one translational or rotational axis. For example, the
abrasive slurry delivery system 50 is shown coupled to
the carriage 24 to move therewith. In this manner, the
abrasive slurry delivery system 50 may be controlled to
move along at least the X and Y axes with the carriage
24 to remain in close proximity to the cutting head 22
throughout operation. In some instances, the abrasive
slurry delivery system 50 may also be coupled to an ex-
tendible portion of the carriage 24 to move with the cutting
head 22 along the Z axis. In other embodiments, and in
particular those featuring robotic arm motion or position-
ing systems, the abrasive slurry delivery system 50 may
be coupled to one or more members or links of the motion
or positioning system to move in unison therewith relative
to one or more translational or rotational axes. In some
embodiments, an outlet of the abrasive slurry delivery
system 50 may be maintained within about two feet of a
nozzle 23 of the cutting head 22 throughout operation.
Maintaining the outlet of the abrasive slurry delivery sys-
tem 50 in close proximity to the nozzle 23 of the cutting
head 22 reduces or minimizes the potential for abrasive
settling that may otherwise occur if supplying high pres-
sure abrasive slurry over relatively long distances.
[0030] In other embodiments, an abrasive slurry deliv-
ery system 50 may be located remote from the motion
or positioning system and remain static relative to the
coordinate system of the abrasive slurry jet cutting sys-
tem 10. Irrespective of the particular arrangement, the
abrasive slurry delivery system 50 is configured to supply
high pressure abrasive slurry downstream toward the
cutting head 22 for cutting or otherwise processing work-
pieces 14. It will be appreciated by those of ordinary skill
in the relevant art that the terms upstream and down-
stream are relative positional terms which depend on a
path of flowing matter (e.g., a flow of water or abrasives
or a mixture thereof), with upstream being nearer the
source and downstream being farther from the source in
the direction of motion of the flowing water or abrasives
or mixture thereof.
[0031] Figures 2A-2C are schematic diagrams show-
ing an abrasive slurry delivery system 52 illustrating dos-
ing of abrasives 54, 54’ from a storage chamber 56 to a
discharge chamber 58 via an intermediate shuttle cham-
ber 60 to supply a high pressure abrasive slurry to a noz-

zle 23 of a cutting head 22. Exemplary abrasives 54, 54’
include, without limitation, garnet particles, silica sand,
glass particles, aluminum oxide, silicon carbide, combi-
nations thereof, and the like. The number and types of
abrasives can be selected based on whether the abrasive
slurry jet abrades, cuts, drills, etches, polishes, cleans,
or serves another function. The abrasives 54, 54’ may
be substantially or predominately of a single type of abra-
sive or a blend of different types of abrasive materials,
such as, for example, those described in Flow’s U.S. Ap-
plication Serial No. 12/272,577, filed November 17, 2008,
and published as US2010/0124872. The storage cham-
ber 56 is coupled to the shuttle chamber 60 via a transfer
valve A and the shuttle chamber 60 is coupled to the
discharge chamber 58 via a transfer valve B such that
each chamber 56, 58, 60 can be selectively isolated or
closed-off from an adjacent one of the chambers 56, 58,
60 during operation. The discharge chamber 58 is further
coupled to a cutting head supply line 62 by an adjustable
metering valve C positioned at an outlet 64 of the dis-
charge chamber 58. This enables abrasive slurry gener-
ated by the abrasive slurry delivery system 52 to be se-
lectively discharged into a stream of high pressure water
for further admixture with the high pressure water to be
supplied to the cutting head 22. A high pressure water
source 30 is provided for supplying high pressure water
to the cutting head supply line 62, as well as to the shuttle
and discharge chambers 58, 60, as discussed in further
detail below. The high pressure water source 30, may
be, for example, a direct drive or intensifier pump having
a pressure rating of 275.8 bar to 689.5 bar (40,000 psi
to 100,000 psi) or higher for supplying high pressure or
ultrahigh pressure water to the abrasive slurry delivery
system 52 and the cutting head 22. Example direct drive
or intensifier pumps are commercially available from
Flow International Corporation, the assignee of the
present application. As used herein, the term high pres-
sure water source 30 refers to devices and systems ca-
pable of generating a source of pressurized water of at
least 275.8 MPa (40,000 psi). The supply line 62 ema-
nating from the high pressure water source 30 may in-
clude a main system valve D for selectively supplying
high pressure water to the abrasive slurry delivery system
52. The main system valve D is maintained in an open
condition, however, throughout normal abrasive slurry
cutting operations.
[0032] During at least a portion of a cutting operation,
the abrasive slurry delivery system 52 may be in a storage
chamber filling configuration 70, as illustrated in Figure
2A. In this configuration, the storage chamber 56 is iso-
lated or closed-off from the other chambers 58, 60 and
is configured to receive a supply of abrasives 54 in dry
or wet form. Advantageously, abrasives 54 may be load-
ed or supplied to the storage chamber 56 under atmos-
pheric pressure conditions without interrupting the supply
of the abrasive slurry to the cutting head 22 that is gen-
erated by the delivery system 52. In some embodiments,
for example, abrasives 54 may be manually deposited in
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the storage chamber 56 via an inlet 72 that is open to the
external environment. In other embodiments, abrasives
54 may be gravity fed or otherwise delivered to the stor-
age chamber 56 by automated or semi-automated deliv-
ery systems. The abrasive delivery systems may include,
for example, an abrasive hopper or silo that is coupled
to the storage chamber 56 by an abrasive supply line that
continuously or intermittingly supplies abrasives thereto.
[0033] While in the storage chamber filling configura-
tion 70 illustrated in Figure 2A, the abrasive slurry delivery
system 52 may continue to supply abrasive slurry to-
wards the cutting head 22 as needed for a desired cutting
or processing operation. In this manner, the discharge
chamber 58 is also isolated from the other chambers 56,
60 with the interior charged with high pressure water em-
anating from the high pressure water source 30. More
particularly, a high pressure water supply line 76 having
one or more branches 76a, 76b may supply high pressure
water to the discharge chamber 58 to reduce or substan-
tially eliminate a pressure differential across the metering
valve C to assist in moving a high pressure mixture of
water and abrasives contained in the discharge chamber
58 through the metering valve C for further admixture
with the flow of high pressure water to generate a high
pressure abrasive slurry that is particularly well suited for
discharge through a nozzle 23 of the downstream cutting
head 22. In the schematic illustration of Figure 2A, for
example, the discharge chamber 58 is supplied with high
pressure water from a first branch 76a of the supply line
76 through a supply port 78 of the discharge chamber
58. In addition, a second branch 76b of the supply line
76 is coupled to a riser conduit 80 within the discharge
chamber 58. A valve F may be provided in the first branch
76a between the supply port 78 and the source of high
pressure water 30 to selectively close-off the first branch
76a from supplying high pressure water to the storage
chamber 58.
[0034] During at least a portion of a cutting operation,
the abrasive slurry delivery system 52 may be in a shuttle
chamber filling configuration 84, as illustrated in Figure
2B. In this configuration, the shuttle chamber 60 is iso-
lated or closed-off from the discharge chamber 58 but
opened to the storage chamber 56 to receive abrasives
54 therefrom. More particularly, transfer valve A posi-
tioned between the storage chamber 56 and the shuttle
chamber 60 is opened to allow abrasives 54 in the stor-
age chamber 56 to move into the shuttle chamber 60.
Prior to transfer of the abrasives 54, however, the shuttle
chamber 60 may be vented to atmospheric pressure to
minimize or substantially eliminate a pressure differential
across transfer valve A. For example, a dump valve H
may be provided within an auxiliary return line 86 coupled
to an outlet or vent port 88 of the shuttle chamber 60 and
opened to vent the interior of the shuttle chamber 60 to
atmospheric pressure, as illustrated by the arrows la-
beled 89. The shuttle chamber 60 may be vented directly
or indirectly to a drain 90, catch basin or other structure.
For instance, in the example embodiment illustrated in

Figure 2B, the shuttle chamber 60 is shown as being
vented to a drain 90 via the intermediary of the storage
chamber 56. For this purpose, the auxiliary return line 86
may be coupled to an inlet port 92 of the storage chamber
56 and a separate drain line 94 may be provided between
an outlet or vent port 96 of the storage chamber 56 and
the drain 90 to route vented matter away from the abra-
sive slurry delivery system 52. With the pressure differ-
ential across the transfer valve A minimized or substan-
tially eliminated, abrasives 54 stored in the storage cham-
ber 56 may be readily transferred to the shuttle chamber
60, as illustrated by the arrow labeled 98 in Figure 2B.
[0035] During at least a portion of a cutting operation,
the abrasive slurry delivery system 52 may be in a dis-
charge chamber filling configuration 100, as illustrated in
Figure 2C. In this configuration, the shuttle chamber 60
is isolated or closed-off from the storage chamber 56 but
opened to the discharge chamber 58 to supply abrasives
54’ thereto. More particularly, transfer valve B positioned
between the shuttle chamber 60 and the discharge cham-
ber 58 is opened to allow a high pressure mixture of water
and abrasives 54’ in the shuttle chamber 60 to move into
the discharge chamber 58. Prior to transfer of high pres-
sure mixture of water and abrasives 54’, however, the
shuttle chamber 60 may be exposed to the high pressure
water source 30 to minimize or substantially eliminate a
pressure differential across the transfer valve B. For ex-
ample, a high pressure supply line 76c in fluid commu-
nication with the high pressure water source 30 may be
coupled to a pressure port 102 of the shuttle chamber 60
to selectively supply high pressure water thereto. A pres-
sure supply valve E may be provided within the high pres-
sure supply line 76c to selectively supply high pressure
water to the shuttle chamber 60, the pressure supply
valve E being in an open position when the abrasive slurry
delivery system 52 is in the discharge chamber filling
configuration 100 shown in Figure 2C. One or more ori-
fices J, restrictors or other flow control devices may also
be provided within the high pressure supply line 76c to
control, manipulate or regulate the flow of high pressure
water to the shuttle chamber 60.
[0036] Additionally, a return line 106 may be provided
between the discharge chamber 58 and the shuttle cham-
ber 60 at return port 107 to enable water or a mixture of
water and abrasives to return to the shuttle chamber 60
during the discharge chamber 58 filling process, as rep-
resented by the arrows labeled 108. A return valve G is
provided within the return line 106 for this purpose, name-
ly to selectively enable water or a mixture of water and
abrasives to return to the shuttle chamber 60. With the
pressure differential across the transfer valve B mini-
mized or substantially eliminated, the high pressure mix-
ture of water and abrasives 54’ in the shuttle chamber
60 may be readily transferred to the discharge chamber
58, as illustrated by the arrow labeled 110 in Figure 2C.
[0037] It will be appreciated that the abrasive slurry
delivery system 52 is well suited for dosing abrasives 54,
54’ from the storage chamber 56 to the discharge cham-
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ber 58 via the intermediate shuttle chamber 60 without
interrupting the ability of the discharge chamber 58 to
supply a high pressure mixture of water and abrasives
via the metering valve C during cutting operations. In one
stage of the dosing process, for example, the shuttle
chamber 60 is isolated from the discharge chamber 58
and vented to atmospheric pressure to prepare the shut-
tle chamber 60 to receive abrasives 54 from the storage
chamber 56 via the transfer valve A, while a high pressure
mixture of water and abrasives 54’ nevertheless remains
available in the discharge chamber 58 for selective dis-
charge via the metering valve C. In another stage of the
dosing process, the shuttle chamber 60 is isolated from
the storage chamber 56 and high pressure water is in-
troduced to prepare the shuttle chamber 60 to supply a
mixture of water and abrasives 54’ to the discharge cham-
ber 58 via the transfer valve B. Likewise, in this stage, a
high pressure mixture of water and abrasives 54’ never-
theless remains available in the discharge chamber 58
for selective discharge via the metering valve C. These
two stages can be repeated continuously or intermittingly
to prepare a steady supply of the high pressure mixture
of water and abrasives 54’ for subsequent discharge
through the metering valve C. Advantageously, dry or
wet abrasives 54 can be deposited as needed into the
storage chamber 56 under atmospheric pressure condi-
tions, again without disrupting the ability to continuously
supply a high pressure mixture of water and abrasives
54’ through the metering valve C to generate a high pres-
sure abrasive slurry and ultimately a high pressure abra-
sive slurry jet for cutting or otherwise processing work-
pieces 14.
[0038] In view of the above, a method of forming an
abrasive slurry to be passed through a nozzle 23 of a
cutting head 22 to generate an abrasive slurry jet may
include introducing abrasives 54 into a storage chamber
56 and depressurizing a shuttle chamber 60 downstream
of the storage chamber 56 to prepare the shuttle chamber
60 to receive the abrasives 54 from the storage chamber
56. The method may further include transferring the abra-
sives 54 from the storage chamber 56 to the shuttle
chamber 56 via an intermediate transfer valve A and then
isolating the shuttle chamber 60 from the storage cham-
ber 56. After isolating the shuttle chamber 60 from the
storage chamber 56, the method may continue by intro-
ducing high pressure water into the shuttle chamber 60
to pressurize the shuttle chamber 60 to create a high
pressure mixture of water and abrasives 54’ therein.
Next, the high pressure mixture of water and abrasives
54’ may be transferred from the shuttle chamber 60 to a
discharge chamber 58 downstream of the shuttle cham-
ber 60 via an intermediate transfer valve B. The method
may conclude with discharging the high pressure mixture
of water and abrasives 54’ from the discharge chamber
58 into a flow of high pressure water, represented by the
arrow labeled 112, to mix therewith and form the abrasive
slurry, or the method may repeat to successively dose
abrasives 54, 54’ through the chambers 56, 58, 60.

[0039] According to one embodiment, a method of
processing a workpiece using a high pressure abrasive
slurry jet is also provided. The method includes dosing
abrasives through an abrasive slurry delivery system 52
having a shuttle chamber 60 provided between a storage
chamber 56 and a discharge chamber 58, the shuttle
chamber 60 being coupled to a source of high pressure
water to enable intermittent pressurization of the shuttle
chamber 60 to create a high pressure mixture of water
and abrasives 54’. The method further includes mixing
the high pressure mixture of water and abrasives 54’ from
the abrasive slurry delivery system 52 into a flow of high
pressure water, as represented by the arrows labeled
112, to form an abrasive slurry and then passing the abra-
sive slurry through a nozzle 23 of a cutting head 22 to
generate a high pressure abrasive slurry jet. The method
may continue with impinging a workpiece 14 with the high
pressure abrasive slurry jet to cut or otherwise process
the workpiece 14.
[0040] Figures 3 through 7 show further details of the
example embodiment of the abrasive slurry delivering
system 50 shown in Figure 1, which is represented sche-
matically in Figures 2A-2C. For ease of understanding,
identical reference characters are used to designate
those features of the abrasive slurry delivering system
50 represented schematically in Figure 2, and should not
be considered to limit embodiments of the systems and
methods described in connection with Figures 2A-2C to
the specific structures shown in Figures 3 through 7.
Rather, the delivery system 50 shown in Figures 3
through 7 is provided as a non-limiting example.
[0041] As shown in Figures 3 through 7, the slurry de-
livery system 50 may comprise a vessel assembly 120
which includes a storage chamber 56, a discharge cham-
ber 58, and a shuttle chamber 60 positioned therebe-
tween. The storage chamber 56 may be provided at an
upper end 122 of the vessel assembly 120 to receive and
house abrasives 54 for subsequent dosing of the abra-
sives 54 downstream. Advantageously, abrasives 54
may be loaded or supplied to the storage chamber 56
under atmospheric pressure conditions without interrupt-
ing the supply of abrasive slurry generated by the delivery
system 50 to the cutting head 22.
[0042] In some embodiments, for example, abrasives
may be manually deposited in the storage chamber 56
via an inlet 72 that may be opened to the external envi-
ronment. For example, in the illustrated embodiment of
Figures 3 through 7, an inlet 72 is provided in the form
of a movable cover 73 having a releasable clamp device
74 for selectively locking and unlocking the cover 73. In
this manner, the cover 73 can be quickly and conveniently
unlocked and opened to receive abrasives 54, and then
closed and locked to enclose the abrasives 54 within the
storage chamber 56. In other embodiments, abrasives
54 may be gravity fed or otherwise delivered to the stor-
age chamber 56 by automated or semi-automated deliv-
ery systems (not shown). Such abrasive delivery systems
may include, for example, an abrasive hopper or silo that
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is coupled to the storage chamber 56 by an abrasive
supply line that continuously or intermittingly supplies
abrasives thereto whether under the influence of gravity
or other assistive forces. Monitoring systems may also
be provided to sense a level of the abrasives 54 within
the storage chamber and to provide a signal for adding
additional abrasives 54 when below a threshold level.
[0043] The shuttle chamber 60 is positioned down-
stream of the storage chamber 56 within a central portion
124 of the vessel assembly 120 to intermittently receive
abrasives 54 from the storage chamber 56 and to inter-
mittently supply the abrasives 54’ to the discharge cham-
ber 58 under high pressure conditions. For this purpose,
the shuttle chamber 60 is coupled to a source of high
pressure water 30 to enable selective and intermittent
supply of high pressure water to the shuttle chamber 60
to intermittently pressurize the shuttle chamber 60 and
create or generate a high pressure mixture of water and
abrasives 54’ for subsequent transfer to the discharge
chamber 58. The high pressure water source 30, may
be, for example, a direct drive or intensifier pump having
a pressure rating within a range of 275.8 MPa to 689.5
MPa (40,000 psi to 100,000 psi) or higher.
[0044] The discharge chamber 58 is provided down-
stream of the shuttle chamber 60 at a lower end 126 of
the vessel assembly 120. The discharge chamber in-
cludes an outlet 64 coupled to a metering valve C for
selectively discharging the high pressure mixture of water
and abrasives 54’ received from the shuttle chamber 60
into a flow of high pressure water (represented by the
arrows labeled 112 in Figure 3 and 5-7) and toward a
nozzle 23 of a cutting head 22 for cutting or other process-
ing operations. The flow of high pressure water 112 that
mixes with the high pressure mixture of water and abra-
sives 54’ from the delivery system 50 preferably ema-
nates from the same source of high pressure water 30
used to selectively pressurize the shuttle chamber 60.
[0045] As shown best in Figure 6, the shuttle chamber
60 of the vessel assembly 120 is in fluid communication
with a vent or outlet port 88 coupled to an auxiliary return
line 86 having a dump valve H that is controllable to se-
lectively release pressure from the shuttle chamber 60
to prepare the shuttle chamber 60 to receive abrasives
54 from the storage chamber 56. In the example embod-
iment shown in Figure 6, the shuttle chamber 60 is shown
as being vented to a drain 90 via the intermediary of the
storage chamber 56. For this purpose, the auxiliary return
line 86 is coupled to an inlet port 92 of the storage cham-
ber 56 via a suitable fitting 93 and a separate drain line
94 is provided between the drain 90 and a suitable fitting
97 at an outlet or vent port 96 of the storage chamber 56
to route vented matter away from the abrasive slurry de-
livery system 50.
[0046] The shuttle chamber 60 may further include inlet
or pressure port 102 for attachment to a high pressure
supply line 76c in fluid communication with the high pres-
sure water source 30 to selectively receive high pressure
water during operation. A pressure supply valve E may

be provided within the high pressure supply line 76c to
selectively control the supply of high pressure water, the
pressure supply valve E being in an open position when
the abrasive slurry delivery system 50 is configured to
dose abrasives 54 from the shuttle chamber 60 to the
discharge chamber 58. One or more orifices J, restrictors
or other flow control devices may also be provided within
the high pressure supply line 76c to control, manipulate
or regulate the flow of high pressure water to the shuttle
chamber 60.
[0047] Additionally, a return line 106 may be provided
between the discharge chamber 58 and the shuttle cham-
ber 60 to enable water or a mixture of water and abrasives
to return to the shuttle chamber 60 during a discharge
chamber 58 filling process. A return valve G is provided
within the return line 106 for this purpose, namely to se-
lectively enable water or a mixture of water and abrasives
to return to the shuttle chamber 60. When high pressure
water is supplied to the shuttle chamber (i.e., when pres-
sure supply valve E is open), the pressure differential
across the transfer valve B is minimized or substantially
eliminated, and as such, the high pressure mixture of
water and abrasives 54’ in the shuttle chamber 60 may
be readily transferred to the discharge chamber 58.
[0048] The discharge chamber 58 may include an inlet
or supply port 78 to introduce high pressure water into
the discharge chamber 58 during at least a portion of
operation. The inlet or supply port 78 may be located
within an upper end of the discharge chamber 58 and
may be coupled to the high pressure source 30 via a
supply line branch 76a. A supply valve F may be provided
in the supply line branch 76a to control the supply of high
pressure water to the discharge chamber 58. During nor-
mal cutting operation, the supply valve F is maintained
in an open position to continuously supply high pressure
water to the discharge chamber 58 irrespective of the
stage of the abrasive dosing operation. Accordingly, the
abrasive slurry delivery system 50 may continuously sup-
ply abrasive slurry as needed to cut or otherwise process
a workpiece 14 while abrasives 54, 54’ are sequentially
dosed through the system 50.
[0049] As can be appreciated from Figures 3 through
7, the storage chamber 56, the shuttle chamber 60 and
the discharge chamber 58 may be fixedly coupled togeth-
er to form a rigid, multi-stage vessel. In some instances,
the multi-stage vessel may be an elongated, generally
cylindrical vessel having three distinct stages arranged
in a generally collinear manner. The chambers 56, 58,
60 may be positioned relatively close together or may be
spaced apart with intermediate structures therebetween.
Separate or integral manifolds 57, 59 may be provided
between the chambers 56, 58, 60 with one or more of
the various ports described herein (e.g., ports 78, 88,
102, 107) to enable fluid communication between and
among the chambers 56, 58, 60 as described. In addition,
or alternatively, one or more of the various ports (e.g.,
ports 92, 96), may be provided directly in a sidewall or
other structure defining each chamber 56, 58, 60. One
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or more seal devices may be provided between the cham-
bers 56, 58, 60 and other components of the assembly
when provided (e.g., manifolds 57, 59) to provide a
sealed environment at least within the shuttle chamber
60 and the discharge chamber 58 which is sufficient to
receive high pressure water (e.g., 275.8 MPa (40,000
psi) or higher) during operation. To assist in maintaining
an appropriately sealed environment, a plurality of tie
rods 61 or other biasing structures may be arranged to
compressively sandwich the shuttle chamber 60 be-
tween the storage chamber 56 and the discharge cham-
ber 58.
[0050] A manifold 146 may be provided at the lower
end 126 of the vessel assembly 120 downstream of or
integral with the discharge chamber 58. The manifold
146 may house or include the outlet 64 of the discharge
chamber 58 and the metering valve C. In addition, the
manifold 146 may include an inlet port 147 coupled to
the high pressure water source 30 via the high pressure
water supply line 76 and an outlet port 148 for discharging
the flow of high pressure water along with the mixture of
high pressure water and abrasives 54’ selectively dis-
charged through the metering valve C for further admix-
ture and delivery to a nozzle 23 of the cutting head 22.
In addition, a high pressure water supply branch 76b may
be formed or otherwise provided within the manifold 146
for routing high pressure water through a riser conduit
80 that terminates within an upper region of the discharge
chamber 58 to introduce high pressure water into the
upper region of the discharge chamber 58 during oper-
ation.
[0051] In some embodiments, one or more of the
chambers 56, 58, 60 may be flexibly coupled to the other
chambers 56, 58 and 60 and/or located remotely with
respect to each other. The chambers 56, 58, 60 may
have the same or different internal capacities and may
vary in shape and size from each other. Although each
of the chambers 56, 58, 60 is shown as having a generally
cylindrical profile, each of the chambers 56, 58, 60 may
have profiles of other regular or irregular shapes. In ad-
dition, one or more of the storage chamber 56, the shuttle
chamber 60 and the discharge chamber 58 may include
a tapered surface 150, 152, 154 at a respective lower
end thereof to funnel the abrasives or the high pressure
mixture of water and abrasives downstream. At least the
shuttle chamber 60 and the discharge chamber 58 may
be configured to receive high pressure water of without
appreciable permanent deformation. For example, the
shuttle chamber 60 and the discharge chamber 58 may
be of sufficient strength to contain water at least 275.8
MPa (40,000 psi) without appreciable permanent defor-
mation thereof.
[0052] As shown best in Figure 5, the vessel assembly
120 includes a first transfer valve A between the storage
chamber 56 and the shuttle chamber 60 and a second
transfer valve B between the shuttle chamber 60 and the
discharge chamber 58. These transfer valves A, B may
be communicatively coupled to a control system 28 (Fig-

ure 1) to sequentially open and close the valves A, B to
dose the abrasives 54 from the storage chamber 56 to
the discharge chamber 58 via the shuttle chamber 60
during operation. The first transfer valve A is controllable
to selectively isolate the shuttle chamber 60 from the stor-
age chamber 56 and the second transfer valve B is con-
trollable to selectively isolate the shuttle chamber 60 from
the discharge chamber 58. The control system 28 may
also operate the metering device C, which is coupled to
the discharge chamber 58 to selectively discharge the
high pressure mixture of water and abrasives 54’ from
the discharge chamber 58. The control system 28 may
vary the rate at which the high pressure mixture of water
and abrasives 54’ is discharged based on numerous var-
iables, including, for example, a travel speed of the cut-
ting head 22 or the thickness or the type of material that
is being processed.
[0053] Each of the transfer valves A, B may be con-
trolled or actuated via a respective valve rod 130, 132
extending through the vessel assembly 120 to a respec-
tive pneumatic or hydraulic actuator 140, 142 positioned
external to the internal chambers 56, 58, 60. In addition,
a pneumatic or hydraulic actuator 144 may be provided
to adjustably control the metering valve C at the outlet
64 of the discharge chamber 58. The pneumatic or hy-
draulic actuators 140, 142, 144 may be coupled directly
to the vessel assembly 120 to be manipulated in space
therewith. The pneumatic or hydraulic actuators 140,
142, 144 may be sized according to the different opera-
tional loading conditions expected within the chambers
56, 58, 60 during use. Although not shown entirely in
Figures 3 through 7, it will be appreciated by those of
ordinary skill in the art, that appropriate fluid conduits,
fittings, etc. may be provided in communication with the
pneumatic or hydraulic actuators 140, 142, 144 and a
working fluid (e.g., compressed air) may be controlled by
the control system 28 (Figure 1) to enable coordinated
actuation of the transfer valves A, B and the metering
valve C during operation. Further, although the transfer
valves A, B and metering valve C are illustrated as being
actuated by a respective pneumatic or hydraulic actuator
140, 142, 144, it is appreciated that other mechanisms
may be provided in lieu of those shown. For example,
one or more multi-positional valves controlled via one or
more respective solenoids may be provided to enable
the desired functionality described herein.
[0054] As can be appreciated from the above descrip-
tions and corresponding figures, the abrasive slurry de-
livery systems 50, 52 described herein are specifically
adapted to supply an abrasive slurry to generate a high
pressure or ultrahigh pressure abrasive slurry jet in a
relatively compact and efficient form factor or package.
In some embodiments, for example, a vessel assembly
120 of the abrasive slurry delivery system 50 may be
substantially contained within a cylindrical working enve-
lope having a longitudinal height of about thirty-six inches
and a diameter of about ten inches, while nevertheless
being able to continuously supply a mixture of high pres-
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sure water and abrasives 54’ at a sufficient volumetric
flow rate to be further mixed with high pressure water
and passed through an orifice of a nozzle 23 of a cutting
head 22 to generate an abrasive slurry jet. This can be
particularly advantageous by enabling the abrasive slurry
delivery system 50 to be mounted to a motion or posi-
tional system to move in unison with the cutting head 22
with respect to one or more translational or rotational
axes thereof. In general, in the following claims, the terms
used should not be construed to limit the claims to the
specific embodiments disclosed in the specification and
the claims, but should be construed to include all possible
embodiments to which such claims are entitled.

Claims

1. A vessel assembly (120) configured to discharge a
high pressure mixture of water and abrasives (54,
54’) for admixture with a flow of high pressure water
for generating an abrasive slurry, the vessel assem-
bly comprising:

a storage chamber (56) to temporarily store
abrasives (54, 54);
a discharge chamber (58) having an outlet (64)
to selectively discharge the high pressure mix-
ture of water and abrasives (54, 54’) into the flow
of high pressure water to mix therewith and gen-
erate the abrasive slurry;
the vessel assembly (120) is characterized by
a shuttle chamber (60) positioned downstream
of the storage chamber (56) and upstream of
the discharge chamber (58) to intermittently re-
ceive the abrasives (54, 54’) from the storage
chamber (56) and to intermittently supply the
abrasives (54, 54’) mixed with high pressure wa-
ter to the discharge chamber (58), the shuttle
chamber (60) including an inlet port (102) cou-
pleable to a source of high pressure water (30)
to intermittently receive the high pressure water
and intermittently pressurize the shuttle cham-
ber (60) to create the high pressure mixture of
water and abrasives (54, 54’) to be transferred
to the discharge chamber (58).

2. An abrasive slurry jet cutting system (10) comprising:

the vessel assembly (120) of claim 1; and
a cutting head (22) including a nozzle (23) con-
figured to receive a flow of abrasive slurry and
generate an abrasive slurry jet during a process-
ing operation.

3. The abrasive slurry jet cutting system (10) of claim
2 wherein the storage chamber (56), the shuttle
chamber (60) and the discharge chamber (58) are
fixedly coupled together to form a multi-stage vessel.

4. The abrasive slurry jet cutting system (10) of claim
2, further comprising:

a positioning system (26, 27) coupled to the cut-
ting head (22) to manipulate the cutting head
(22) in space, and wherein the multi-stage ves-
sel is attached to the positioning system (26, 27).

5. The abrasive slurry jet cutting system (10) of claim
4 wherein the multi-stage vessel is attached to the
positioning system (26, 27) such that the multi-stage
vessel moves in unison with the cutting head (22)
with respect to at least one rotational or translational
axis of the positioning system (26, 27).

6. The abrasive slurry jet cutting system (10) of claim
2 wherein the vessel assembly (120) includes a first
valve (A) between the storage chamber (56) and the
shuttle chamber (60) and a second valve (B) be-
tween the shuttle chamber (60) and the discharge
chamber (58), and wherein the abrasive slurry jet
system further comprises:

a control system communicatively coupled to
each of the first valve (A) and the second valve
(B) to sequentially open and close the first valve
(A) and the second valve (B) to dose the abra-
sives from the storage chamber (56) to the dis-
charge chamber (58) via the shuttle chamber
(60).

7. The abrasive slurry jet cutting system (10) of claim
6 wherein the shuttle chamber (60) of the vessel as-
sembly (120) includes an outlet port (88) coupled to
a dump valve (H), and wherein the control system is
communicatively coupled to the dump valve (H) to
control the dump valve (H) to selectively release
pressure from the shuttle chamber (60) to prepare
the shuttle chamber (60) to receive the abrasives
from the storage chamber (56).

8. The abrasive slurry jet cutting system (10) of claim
6 wherein the shuttle chamber (60) of the vessel as-
sembly (120) includes an inlet port (102) coupled to
a pressure supply valve (E), and wherein the control
system is communicatively coupled to the pressure
supply valve (E) to control the pressure supply valve
(E) to intermittently supply high pressure water to
the shuttle chamber (60) to intermittently pressurize
the shuttle chamber (60) to create the high pressure
mixture of water and abrasives to be transferred to
the discharge chamber (58).

9. The abrasive slurry jet cutting system (10) of claim
6 wherein the discharge chamber (58) of the vessel
assembly (120) is coupled to a metering device, and
wherein the control system is communicatively cou-
pled to the metering device to control the metering
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device to selectively discharge the high pressure
mixture of water and abrasives into the flow of high
pressure water to form the flow of abrasive slurry.

10. The abrasive slurry jet cutting system (10) of claim
6 wherein each of the first valve (A) and the second
valve (B) is controlled via a respective valve rod (130,
132) extending through the vessel assembly (120).

11. The abrasive slurry jet cutting system (10) of claim
6, further comprising:

a first pneumatic or hydraulic actuator (142) cou-
pled to the first valve (A) and a second pneu-
matic or hydraulic actuator (140) coupled to the
second valve (B) to selectively unseat the valves
(A, B) during operation.

12. The abrasive slurry jet cutting system (10) of claim
2 wherein the flow of high pressure water to form the
flow of abrasive slurry is supplied to the outlet of the
discharge chamber (58) at a pressure of at least
275.8 MPa (40,000 psi).

13. The vessel assembly (120) of claim 1 wherein the
multi-stage vessel is an elongated, generally cylin-
drical vessel having three distinct stages arranged
in a generally collinear manner.

14. A method of forming an abrasive slurry to be passed
through a nozzle to generate an abrasive slurry jet,
the method comprising:

introducing abrasives into a storage chamber
(56);
depressurizing a shuttle chamber (60) down-
stream of the storage chamber (56) to prepare
the shuttle chamber (60) to receive the abra-
sives from the storage chamber (56);
transferring the abrasives from the storage
chamber (56) to the shuttle chamber (60);
isolating the shuttle chamber (60) from the stor-
age chamber (56);
introducing high pressure water into the shuttle
chamber (60) to pressurize the shuttle chamber
(60) while isolated from the storage chamber
(56) to create a high pressure mixture of water
and abrasives;
transferring the high pressure mixture of water
and abrasives from the shuttle chamber (60) to
a discharge chamber (58) downstream of the
shuttle chamber (60); and
discharging the high pressure mixture of water
and abrasives from the discharge chamber (58)
into a flow of high pressure water to mix there-
with and form the abrasive slurry.

15. The method of claim 14 wherein transferring the

abrasives from the storage chamber (56) to the shut-
tle chamber (60) and transferring the high pressure
mixture of water and abrasives from the shuttle
chamber (60) to the discharge chamber (58) includes
dosing abrasives in a sequential manner from the
storage chamber (56) to the discharge chamber (58)
via the shuttle chamber (60).

16. The method of claim 14 wherein transferring the
abrasives from the storage chamber (56) to the shut-
tle chamber (60) occurs with substantially no differ-
ential pressure between the storage chamber (56)
and the shuttle chamber (60).

17. The method of claim 14 wherein transferring the high
pressure mixture of water and abrasives from the
shuttle chamber (60) to the discharge chamber (58)
occurs with substantially no differential pressure be-
tween the shuttle chamber (60) and the discharge
chamber (58).

18. The method of claim 14, further comprising:

maintaining the storage chamber (56) at atmos-
pheric pressure during operation; and
maintaining the discharge chamber (58) at high
pressure during operation.

Patentansprüche

1. Behälteraufbau (120), der konfiguriert ist, um ein
Hochdruckgemisch aus Wasser und Schleifmitteln
(54, 54’) zum Vermischen mit einem Strom aus
Hochdruckwasser auszugeben, um einen Schleif-
schlamm zu erzeugen, wobei der Behälteraufbau
umfasst:

eine Speicherkammer (56), um Schleifmittel
(54, 54’) vorübergehend zu speichern;
eine Ausgabekammer (58) mit einem Auslass
(64), um das Hochdruckgemisch aus Wasser
und Schleifmitteln (54, 54’) in den Strom aus
Hochdruckwasser selektiv auszugeben, um es
damit zu vermischen und den Schleifschlamm
zu erzeugen;
wobei der Behälteraufbau (120) gekennzeich-
net ist durch
eine Pendelkammer (60), die stromabwärts von
der Speicherkammer (56) und stromaufwärts
von der Ausgabekammer (58) positioniert ist,
um die Schleifmittel (54, 54’) von der Speicher-
kammer (56) intermittierend aufzunehmen und
die mit Hochdruckwasser vermischten Schleif-
mittel (54, 54’) der Ausgabekammer (58) inter-
mittierend zuzuführen, wobei die Pendelkam-
mer (60) einen Einlassanschluss (102) aufweist,
der der mit einer Quelle des Hochdruckwassers
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(30) koppelbar ist, um das Hochdruckwasser in-
termittierend aufzunehmen und die Pendelkam-
mer (60) intermittierend unter Druck zu setzen,
so dass das Hochdruckgemisch aus Wasser
und Schleifmitteln (54, 54’) erzeugt wird, das zur
Ausgabekammer (58) zu überführen ist.

2. Schneidsystem (10) für einen Schleifschlammstrahl,
das umfasst:

den Behälteraufbau (120) nach Anspruch 1; und
einen Schneidkopf (22) mit einer Düse (23), die
konfiguriert ist, um einen Strom von Schleif-
schlamm aufzunehmen und einen Schleif-
schlammstrahl während eines Verarbeitungs-
vorgangs zu erzeugen.

3. Schneidsystem (10) für einen Schleifschlammstrahl
nach Anspruch 2, wobei die Speicherkammer (56),
die Pendelkammer (60) und die Ausgabekammer
(58) fest miteinander gekoppelt sind, um einen Mehr-
stufenbehälter zu bilden.

4. Schneidsystem (10) für einen Schleifschlammstrahl
nach Anspruch 2, das des Weiteren umfasst:

ein Positionierungssystem (26, 27), das mit dem
Schneidkopf (22) gekoppelt ist, um den
Schneidkopf (22) im Raum zu manipulieren, und
wobei der Mehrstufenbehälter an dem Positio-
nierungssystem (26, 27) angebracht ist.

5. Schneidsystem (10) für einen Schleifschlammstrahl
nach Anspruch 4, wobei der Mehrstufenbehälter so
am Positionierungssystem (26, 27) angebracht ist,
dass sich der Mehrstufenbehälter im Einklang mit
dem Schneidkopf (22) mit Bezug auf wenigstens ei-
ne Rotations- oder Translationsachse des Positio-
nierungssystems (26, 27) bewegt.

6. Schneidsystem (10) für einen Schleifschlammstrahl
nach Anspruch 2, wobei der Behälteraufbau (120)
ein erstes Ventil (A) zwischen der Speicherkammer
(56) und der Pendelkammer (60) und ein zweites
Ventil (B) zwischen der Pendelkammer (60) und der
Ausgabekammer (58) aufweist und wobei das Sys-
tem für einen Schleifschlammstrahl des Weiteren
umfasst:

ein Steuerungssystem, das jeweils mit dem ers-
ten Ventil (A) und dem zweiten Ventil (B) kom-
munikativ gekoppelt ist, um nacheinander das
erste Ventil (A) und das zweite Ventil (B) zu öff-
nen und zu schließen, um die Schleifmittel von
der Speicherkammer (56) zur Ausgabekammer
(58) über die Pendelkammer (60) zu dosieren.

7. Schneidsystem (10) für einen Schleifschlammstrahl

nach Anspruch 6, wobei die Pendelkammer (60) des
Behälteraufbaus (120) einen Auslassanschluss (88)
aufweist, der mit einem Ablassventil (H) gekoppelt
ist, und wobei das Steuerungssystem mit dem Ab-
lassventil (H) kommunikativ gekoppelt ist, um den
Druck von der Pendelkammer (60) selektiv zu ent-
lasten, um die Pendelkammer (60) vorzubereiten,
die Schleifmittel von der Speicherkammer (56) auf-
zunehmen.

8. Schneidsystem (10) für einen Schleifschlammstrahl
nach Anspruch 6, wobei die Pendelkammer (60) des
Behälteraufbaus (120) einen Einlassanschluss
(102) aufweist, der mit einem Druckversorgungsven-
til (E) gekoppelt ist, und wobei das Steuerungssys-
tem mit dem Druckversorgungsventil (E) kommuni-
kativ gekoppelt ist, um das Druckversorgungsventil
(E) so zu steuern, dass der Pendelkammer (60) in-
termittierend Hochdruckwasser zugeführt wird, um
die Pendelkammer (60) zum Erzeugen eines Hoch-
druckgemisches aus Wasser und Schleifmitteln in-
termittierend unter Druck zu setzen, das zur Ausga-
bekammer (58) zu überführen ist.

9. Schneidsystem (10) für einen Schleifschlammstrahl
nach Anspruch 6, wobei die Ausgabekammer (58)
des Behälteraufbaus (120) mit einer Messvorrich-
tung gekoppelt ist und wobei das Steuerungssystem
mit der Messvorrichtung kommunikativ gekoppelt ist,
um die Messvorrichtung so zu steuern, dass das
Hochdruckgemisch aus Wasser und Schleifmitteln
in den Strom aus Hochdruckwasser ausgegeben
wird, um den Strom aus Schleifschlamm zu bilden.

10. Schneidsystem (10) für einen Schleifschlammstrahl
nach Anspruch 6, wobei jeweils das erste Ventil (A)
und das zweite Ventil (B) über eine jeweilige Ventil-
stange (130, 132) gesteuert wird, die sich durch den
Behälteraufbau (120) erstreckt.

11. Schneidsystem (10) für einen Schleifschlammstrahl
nach Anspruch 6, das des Weiteren umfasst:

einen ersten pneumatischen oder hydrauli-
schen Aktuator (142), der mit dem ersten Ventil
(A) gekoppelt ist, und einen zweiten pneumati-
schen oder hydraulischen Aktuator (140), der
mit dem zweiten Ventil (B) gekoppelt ist, um die
Ventile (A, B) während des Betriebs wahlweise
abzusetzen.

12. Schneidsystem (10) für einen Schleifschlammstrahl
nach Anspruch 2, wobei der Strom aus Hochdruck-
wasser, um den Strom aus Schleifschlamm zu bil-
den, dem Auslass der Ausgabekammer (58) bei ei-
nem Druck von wenigstens 275,8 MPA (40.000 psi)
zugeführt wird.
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13. Behälteraufbau (120) nach Anspruch 1, wobei der
Mehrstufenbehälter ein länglicher, im Allgemeinen
zylindrischer Behälter mit drei verschiedenen Stufen
ist, die in einer im Allgemeinen kollinearen Weise
angeordnet sind.

14. Verfahren zum Bilden eines Schleifschlamms, der
durch eine Düse geführt wird, um einen Schleif-
schlammstrahl zu erzeugen, wobei das Verfahren
umfasst:

Einführen von Schleifmitteln in eine Speicher-
kammer (56);
Verringern des Drucks in einer Pendelkammer
(60) stromabwärts von der Speicherkammer
(56), um die Pendelkammer (60) vorzubereiten,
die Schleifmittel von der Speicherkammer (56)
aufzunehmen;
Überführen der Schleifmittel von der Speicher-
kammer (56) zur Pendelkammer (60);
Isolieren der Pendelkammer (60) von der Spei-
cherkammer (56);
Einführen von Hochdruckwasser in die Pendel-
kammer (60), um die Pendelkammer (60) unter
Druck zu setzen, während sie von der Speicher-
kammer (56) isoliert ist, um ein Hochdruckge-
misch aus Wasser und Schleifmitteln zu erzeu-
gen;
Überführen des Hochdruckgemisches aus
Wasser und Schleifmitteln von der Pendelkam-
mer (60) zu einer Ausgabekammer (58) strom-
abwärts von der Pendelkammer (60); und
Ausgeben des Hochdruckgemisches aus Was-
ser und Schleifmitteln von der Ausgabekammer
(58) in einen Strom aus Hochdruckwasser, um
es damit zu vermischen und den Schleif-
schlamm zu bilden.

15. Verfahren nach Anspruch 14, wobei das Überführen
der Schleifmittel von der Speicherkammer (56) zur
Pendelkammer (60) und das Überführen des Hoch-
druckgemisches aus Wasser und Schleifmitteln von
der Pendelkammer (60) zur Ausgabekammer (58)
das Dosieren der Schleifmittel in einer aufeinander-
folgenden Weise von der Speicherkammer (56) zur
Ausgabekammer (58) über die Pendelkammer (60)
aufweist.

16. Verfahren nach Anspruch 14, wobei das Überführen
der Schleifmittel von der Speicherkammer (56) zur
Pendelkammer (60) im Wesentlichen ohne Diffe-
renzdruck zwischen der Speicherkammer (56) und
der Pendelkammer (60) stattfindet.

17. Verfahren nach Anspruch 14, wobei das Überführen
des Hochdruckgemisches aus Wasser und Schleif-
mitteln von der Pendelkammer (60) zur Ausgabe-
kammer (58) im Wesentlichen ohne Differenzdruck

zwischen der Pendelkammer (60) und der Ausga-
bekammer (58) stattfindet.

18. Verfahren nach Anspruch 14, das des Weiteren um-
fasst:

Warten der Speicherkammer (56) bei atmos-
phärischen Druck während des Betriebs und
Warten der Ausgabekammer (58) bei Hoch-
druck während des Betriebs.

Revendications

1. Ensemble formant cuve (120) configuré pour éjecter
un mélange sous haute pression d’eau et d’abrasifs
(54, 54’) comme adjuvant avec l’eau sous pression
afin de générer une bouillie abrasive, l’ensemble for-
mant cuve comprenant :

une chambre de stockage (56) destinée à stoc-
ker temporairement des abrasifs (54, 54’),
une chambre d’éjection (58) comportant un ori-
fice de sortie (64) afin d’éjecter sélectivement le
mélange sous haute pression d’eau et d’abrasifs
(54, 54’) dans le flux d’eau sous haute pression
pour le mélanger à celui-ci et générer la bouillie
abrasive,
l’ensemble formant cuve (120) étant caractéri-
sé par :

une chambre formant navette (60) position-
née en aval de la chambre de stockage (56)
et en amont de la chambre d’éjection (58)
pour recevoir de façon intermittente les
abrasifs (54, 54’) provenant de la chambre
de stockage (56) et pour fournir de manière
intermittente les abrasifs (54, 54’) mélangés
avec l’eau sous haute pression à la cham-
bre d’éjection (58), la chambre formant na-
vette (60) incluant un orifice d’admission
(102) pouvant être couplé à une source
d’eau sous haute pression (30) pour rece-
voir de façon intermittente l’eau sous haute
pression et pour pressuriser de façon inter-
mittente la chambre formant navette (60)
pour créer le mélange sous haute pression
d’eau et d’abrasifs (54, 54’) à transférer à
la chambre d’éjection (58) .

2. Système de découpe à jet de bouillie abrasive (10)
comprenant :

l’ensemble formant cuve (120) de la revendica-
tion 1, et
une tête de découpe (22) incluant une buse (23)
configurée pour recevoir un flux de bouillie abra-
sive et générer un jet de bouillie abrasive pen-
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dant une opération de traitement.

3. Système de découpe à jet de bouillie abrasive (10)
selon la revendication 2, dans lequel la chambre de
stockage (56), la chambre formant navette (60) et la
chambre d’éjection (58) sont couplées l’une à l’autre
de façon fixe pour former une cuve à étages multi-
ples.

4. Système de découpe à jet de bouillie abrasive (10)
selon la revendication 2, comprenant en outre :

un système de positionnement (26, 27) couplé
à la tête de découpe (22) pour manipuler la tête
de découpe (22) dans l’espace, la cuve à étages
multiples étant fixée au système de positionne-
ment (26, 27).

5. Système de découpe à jet de bouillie abrasive (10)
selon la revendication 4, dans lequel la cuve à étages
multiples est fixée au système de positionnement
(26, 27) de sorte à ce que la cuve à étages multiples
se déplace de manière synchronisée avec la tête de
découpe (22) par rapport à au moins un axe de ro-
tation ou de translation du système de positionne-
ment (26, 27).

6. Système de découpe à jet de bouillie abrasive (10)
selon la revendication 2, dans lequel l’ensemble for-
mant cuve (120) inclut une première soupape (A)
entre la chambre de stockage (56) et la chambre
formant navette (60) et une seconde soupape (B)
entre la chambre formant navette (60) et la chambre
d’éjection (58), le système de jet de bouillie abrasive
comprenant en outre :

un système de commande couplé par commu-
nication avec chacune de la première soupape
(A) et de la seconde soupape (B) pour ouvrir et
fermer séquentiellement la première soupape
(A) et la seconde soupape (B) afin de doser les
abrasifs provenant de la chambre de stockage
(56) vers la chambre d’éjection (58) au travers
de la chambre formant navette (60).

7. Système de découpe à jet de bouillie abrasive (10)
selon la revendication 6, dans lequel la chambre for-
mant navette (60) de l’ensemble formant cuve (120)
inclut un orifice de sortie (88) couplé à une soupape
de décharge (H), et dans lequel le système de com-
mande est couplé par communication à la soupape
de décharge (H) pour commander la soupape de
décharge (H) pour qu’elle libère sélectivement de la
pression de la chambre formant navette (60) pour
préparer la chambre formant navette (60) à recevoir
les abrasifs provenant de la chambre de stockage
(56) .

8. Système de découpe à jet de bouillie abrasive (10)
selon la revendication 6, dans lequel la chambre for-
mant navette (60) de l’ensemble formant cuve (120)
inclut un orifice d’admission (102) couplé à une van-
ne d’alimentation sous pression (E), et dans lequel
le système de commande est couplé par communi-
cation à la vanne d’alimentation sous pression (E)
pour qu’elle fournisse de façon intermittente de l’eau
sous haute pression à la chambre formant navette
(60) afin de pressuriser de façon intermittente la
chambre formant navette (60) pour créer le mélange
sous haute pression d’eau et d’abrasifs à transférer
à la chambre d’éjection (58) .

9. Système de découpe à jet de bouillie abrasive (10)
selon la revendication 6, dans lequel la chambre
d’éjection (58) de l’ensemble formant cuve (120) est
couplée à un dispositif de mesure, et dans lequel le
système de commande est couplé par communica-
tion au dispositif de mesure pour commander le dis-
positif de mesure pour qu’il évacue sélectivement le
mélange sous haute pression d’eau et d’abrasifs
dans le flux d’eau sous haute pression afin de former
le flux de bouillie abrasive.

10. Système de découpe à jet de bouillie abrasive (10)
selon la revendication 6, dans lequel chacune de la
première soupape (A) et de la seconde soupape (B)
est commandée par une tige respective de soupape
(130, 132) se déployant au travers de l’ensemble
formant cuve (120)

11. Système de découpe à jet de bouillie abrasive (10)
selon la revendication 6, comprenant en outre :

un premier actionneur (142) pneumatique ou hy-
draulique couplé à la première soupape (A) et
un second actionneur (140) pneumatique ou hy-
draulique couplé à la seconde soupape (B) afin
de lever sélectivement les soupapes (A, B) en
service.

12. Système de découpe à jet de bouillie abrasive (10)
selon la revendication 2, dans lequel le flux d’eau
sous haute pression destiné à former le flux de
bouillie abrasive est délivré à l’orifice de sortie de la
chambre d’éjection (58) à une pression d’au moins
275,8 MPa (40 000 psi).

13. Ensemble formant cuve (120) selon la revendication
1, dans lequel la cuve à étages multiples est une
cuve allongée globalement cylindrique comportant
trois étages distincts agencés de manière globale-
ment colinéaire.

14. Procédé de formation d’une bouillie abrasive à faire
passer au travers d’une buse pour générer un jet de
bouillie abrasive, le procédé comprenant :
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l’introduction d’abrasifs dans une chambre de
stockage (56),
la dépressurisation d’une chambre formant na-
vette (60) en aval de la chambre de stockage
(56) pour préparer la chambre formant navette
(60) à recevoir les abrasifs provenant de la
chambre de stockage (56),
le transfert des abrasifs de la chambre de stoc-
kage (56) à la chambre formant navette (60),
l’isolation de la chambre formant navette (60)
par rapport à la chambre de stockage (56),
l’introduction d’eau sous haute pression dans la
chambre formant navette (60) afin de pressuri-
ser la chambre formant navette (60) alors qu’elle
est isolée de la chambre de stockage (56) dans
le but de créer un mélange sous haute pression
d’eau et d’abrasifs,
le transfert du mélange sous haute pression
d’eau et d’abrasifs de la chambre formant na-
vette (60) à la chambre d’éjection (58) en aval
de la chambre formant navette (60), et
l’éjection du mélange sous haute pression d’eau
et d’abrasifs de la chambre d’éjection (58) en un
flux d’eau sous haute pression à mélanger à ce-
lui-ci et former la bouillie abrasive.

15. Procédé selon la revendication 14, dans lequel le
transfert des abrasifs de la chambre de stockage
(56) à la chambre formant navette (60) et le transfert
du mélange sous haute pression d’eau et d’abrasifs
de la chambre formant navette (60) à la chambre
d’éjection (58) inclut le dosage des abrasifs de ma-
nière séquentielle depuis la chambre de stockage
(56) jusqu’à la chambre d’éjection (58) via la cham-
bre formant navette (60).

16. Procédé selon la revendication 14, dans lequel le
transfert des abrasifs de la chambre de stockage
(56) à la chambre formant navette (60) se produit
sans pratiquement aucune pression différentielle en-
tre la chambre de stockage (56) et la chambre for-
mant navette (60).

17. Procédé selon la revendication 14, dans lequel le
transfert du mélange sous haute pression de la
chambre formant navette (60) à la chambre d’éjec-
tion (58) se produit sans pratiquement aucune pres-
sion différentielle entre la chambre formant navette
(60) et la chambre d’éjection (58) .

18. Procédé selon la revendication 14, comprenant en
outre :

le maintien de la chambre de stockage (56) à la
pression atmosphérique pendant le service, et
le maintien de la chambre d’éjection (58) sous
haute pression pendant le service.
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